Objective: Although international guidelines recommend initiating antiretroviral therapy (ART) when a patient's CD4 cell count is #350 cells/µL, most patients in resource-limited settings present with much lower CD4 cell counts. The lowest level that their CD4 cell count reaches, the nadir, may have long-term consequences in terms of mortality. We examined this health state in a large cohort of HIV+ patients in Uganda. Design: This was an observational study of HIV patients in Uganda aged 14 years or older, who were enrolled in 10 major clinics across Uganda.
Introduction
CD4 T-cell status is a strong prognostic indicator of mortality and disease progression among individuals infected with HIV.
1-3 CD4 cell status strongly correlates with World Health Organization (WHO) disease staging. 4 Ascertaining CD4 status is now recommended as guidance for determining when to begin patients on antiretroviral therapy (ART). 5 In 2010, WHO issued guidance to resource-constrained settings to expand the eligibility of the treated population, by recommending initiation of ART when a patient's CD4 T-cell count reached 350/µL or less, or was clinically necessitated. 6 Most countries in resource-limited settings aim to deliver care at #350 cells, yet the average CD4 cell count that patients actually initiate therapy at, is typically well below 200 cells/µL. Although patients who survive the initial period of most severe disease and possible immune reconstitution inflammatory syndrome are expected to have a nearly normal life after initiation of ART, [8] [9] [10] progressive damage to a patient's immune system that occurred prior to accessing ART may have an important long-term effect on mortality. Many clinicians recognize the risk of increased mortality among patients with low CD4 status in the first several months of ART, but whether a low CD4 nadir (the lowest point a CD4 count achieves) is predictive of mortality after stabilization on ART is less clear. In 1999, an early EUROSida study demonstrated the importance of CD4 nadir in predicting longer-term negative outcomes. 11 However, a larger study from North America and Europe using the Antiretroviral Cohort Collaboration (ART-CC) showed that mortality among patients with differing CD4 nadirs made no significant difference once a patient stabilized. 10 A study we previously conducted in Uganda found that after 6 months on ART, patients with lower baseline CD4 counts had significantly worse outcomes than patients whose baseline count was higher. 12 We aimed to examine mortality after longer periods of ART treatment and examined differences between patients after 1 and 2 years on treatment.
Methods Setting
Our study used data collected by The AIDS Support Organization (TASO). TASO provides clinical care, psychosocial support, and antiretroviral therapy to individuals with HIV at 11 major clinical sites and 35 smaller clinics throughout Uganda, involving both urban and rural populations. TASO began providing widespread combination antiretroviral therapy in 2004 with resource support from the US President's Emergency Plan for AIDS Relief, and more than 24,000 patients are currently receiving this treatment. Criteria for initiation of antiretroviral therapy include a diagnosis of WHO stage 3 or 4, or a CD4 cell count , 350 cells/µL. 13 Patients initiating antiretroviral therapy typically receive a nonnucleoside reverse transcriptase inhibitor with first-line treatment comprising nevirapine, lamivudine, and stavudine; second-line therapy is comprised of boosted lopinavir, didanosine and zidovudine. 14, 15 
Cohort characteristics
The cohort has been described in detail previously. 16 Briefly, detailed demographic information, clinical characteristics, and treatment information are routinely collected on standardized forms at each patient visit. These data are entered into a centralized clinical database at each clinic. Upon enrolment at TASO, each patient is provided with a unique coded identification number. For this study, we included all patients $ 14 years of age who initiated antiretroviral therapy at TASO clinics in Uganda between January 1, 2000 and February 1, 2010. Patients were followed until either time of confirmed death or end of the study period (February 1, 2010) . The following pertinent patient information was recorded: age at the start of antiretroviral therapy, sex, CD4 count history, WHO clinical disease stage, loss from follow-up (a 3-month absence from a clinic), date of last visit, and date of death (where applicable).
Analysis
We used parametric testing to assess differences between patient clinical status and demographics among patients receiving less than or more than, 1 year of treatment. We considered patients' lowest monitored CD4 count to be their nadir. We stratified patients' CD4 nadirs according to the following categories ,50, 50-99, 100-149, 150-249, 250+ cells/µL. We then calculated survival probabilities based on the CD4 nadir and date of death using a KaplanMeier plot for both the 1 year and 2 year periods postinitiation and compared these using the log-rank test. Patients who were lost to follow-up were censored at the date they were last seen at the clinic, and a weighted analysis was applied, whereby 30% of patients lost to follow-up were assumed dead, weighted by lower CD4, age, and male sex. 17, 18 Survival times were expressed in months. We used unadjusted and adjusted Cox proportional hazards regressions to express the magnitude of association between CD4 nadir and the probability of survival after 1 year of ART, while adjusting for age, sex, and WHO clinical disease stage. 19 Hazard proportionality was assessed by analysis of scaled Schoenfeld residuals. To compensate for missing baseline CD4 nadirs, we conducted analyses using the multiple imputation method. 20 All significance tests were two-sided with a P-value of ,0.05. All analyses were conducted using SAS software (version 8; SAS Institute, Cary, NC).
Institutional review
Approval to conduct this study was received from the administrative headquarters ethics board of TASO Uganda, and the Research Ethics Boards of the University of Ottawa and the University of British Columbia in Canada. 
Mortality
The majority of deaths (78%) occurred in the first year of treatment and were therefore excluded from our survival analyses. Of patients with .1 year of follow up, 327 of patients died (1.6%) and 444 patients (2.2%) were lost to follow-up. Figure 1 shows a Kaplan-Meier graph that projects the survival of patients on ART with .1 year of follow-up, with different baseline CD4 cell count ranges. Baseline CD4 counts of 200-249 cells/µL proved to be the best initial count for a higher probability of survival (HR 0.60, 95% CI: 0.45-0.82, P = 0.001). This was no longer statistically significant after left-censoring for 2 years of treatment (Figure 2 ). Table 2 displays the unadjusted and adjusted Cox proportional hazard models for patients with 1 or more years of follow-up. The adjusted model indicates that relative to the lowest CD4 strata, CD4 cell count nadir is independently associated with mortality. Male sex and older age are also important predictors of mortality. Strengths of our analysis include our nationally representative sample that comprised a diverse population of patients likely to be found in other parts of Africa, such as adolescents and elderly patients, patients suffering from conflict and food insecurity, and patients who switched treatment after initiation. Our loss of patients from follow-up was low compared with most AIDS service organizations in Africa, where loss to follow-up can exceed 50% 21, 22 due to our use of default tracers. Nevertheless, we recognized that there may have been misclassification of deaths among those lost to follow-up and we attempted to correct for this bias by applying an assumption that 30% of these patients were deceased, based on findings from our own previous tracking study, and a similar analysis at a relevant local Ugandan setting. 18, 23 We further weighted this assumption, to reflect older patients and those with lower last CD4 counts. 24 The fact that our analysis includes a relatively small number of patients initiating therapy at high CD4 levels (.350 cells/µL) will likely have reduced our estimates at the very highest CD4 baseline status. About 10% of individuals did not have baseline CD4 evaluations. This is common in programs across Africa, where patients may be initiated due to clinical circumstances or poor laboratory infrastructure. We explored the impact of these individuals on our overall analysis and did not find a different effect. We imputed their probable CD4 nadirs. TASO does not conduct routine viral load assessments and therefore we cannot make inferences about risks of nadir on viral load status. Finally, as with any observational study, our mortality rate may be subject to residual confounding beyond those confounders adjusted for in multivariate analysis.
Regression analysis
Our findings are an extension of a previous analysis where we examined mortality in patients who survived the first 6 months on treatment. That study indicated that baseline CD4 was predictive of mortality even after survival for 6 months. 12 Our current study displayed that the CD4 nadir was predictive of mortality among those with at least 1 year of treatment but not more than 2 years of treatment. This finding is not surprising as we would expect that patients who have survived greater than 2 years would have a better long-term expected survival rate than those at the early stages of treatment, as these patients have survived the period where most death occurs (ie, the first few months of therapy) 25 and are more likely to have adjusted to treatment in terms of adherence patterns and involvement with treatment supporters. 26 Log-rank P < 0.001
Figure 1
Kaplan-Meier probability plot of mortality for patients left-censored beginning 1 year after initiation of ART. Abbreviations: ART, antiretroviral therapy; cART, combined antiretroviral therapy. Log-rank P = 0.152 Figure 2 Kaplan-Meier probability plot of mortality for patients left-censored beginning 2 years after initiation of ART. Abbreviations: ART, antiretroviral therapy; cART, combined antiretroviral therapy.
Discussion
Our study examined the prognostic value of CD4 nadir after 1 and 2 years of ART in HIV-infected patients in Uganda.
Our study demonstrates that after 1 year on ART, a CD4 nadir continues to strongly predict mortality. Among patients who have survived 2 years on ART, CD4 nadir was no longer statistically significant. Consistent with previous studies from Africa, we found that mortality varied according to sex. This finding builds on an emerging body of literature displaying consistent shortcomings in treatment programs involving men. Men are less likely to access antiretroviral treatment, usually will start treatment with more advanced disease, have higher rates of early mortality, and are more likely to be lost to follow-up. [28] [29] [30] Unfortunately, accessing and treating patients at early stages can be a challenge for both health infrastructure, and identifying patients. In Uganda, the ministry of health guidelines recommend treatment of patients with ART when a CD4 nadir reaches below , 350 cells/µL 13 and yet the median CD4 of patients initiating treatment within our cohort in 2009 was far lower, at 156 cells/µL. There is a clear need to increase the identification of infected individuals while their CD4 status is high so that they can be engaged in care and treatment initiated as early as possible. Strategies to engage patients at an early stage include home-based testing campaigns and campaigns targeting specific groups, including men. 31, 32 Residual benefits of increasing early access to ART include economic benefits, increased life expectancy, and a decreased likelihood of transmission of the virus to sexual partners. 33, 34 In conclusion, our study demonstrates that in Uganda, a patient's CD4 nadir is strongly predictive of longer-term mortality even after 1 year of treatment. Efforts to increase access to care for patients before their immune status becomes depleted continue to represent an important challenge that has long-term repercussions for patients. 
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